[1] Ionospheric convection is occasionally observed to be substantially enhanced even when the interplanetary magnetic field (IMF) is not strongly southward and the IMF B y is not large. Such enhanced convection flows tend to exhibit large oscillations with $10-30 min periodicity. We have considered the solar wind characteristics that lead to these oscillatory convection enhancements. We have used an extensive set of Sondrestrom radar observations of ionospheric convection within the dayside polar cap. We find that IMF ULF power is closely associated with the strength of dayside convection. Convection flows during periods of large north-south IMF fluctuations are observed to be as strong as for steady and large southward IMF periods. Enhanced convection is also observed during northward IMF intervals when the interplanetary magnetic field exhibits high ULF power. We find that ULF power enhances the convection strength, independent of an observed direct effect from the solar wind speed. These observations thus suggest that IMF ULF fluctuations can significantly influence ionospheric convection. Therefore, in addition to the well-established contributions from the direction and magnitude of the IMF and the solar wind dynamic pressure, ULF fluctuations may also be an important contributor to coupling of the solar wind to the magnetosphere-ionosphere system. We speculate that resonance between IMF fluctuations and natural magnetospheric oscillation frequencies or magnetopause boundary oscillations might be responsible for the connection between ionospheric convection and IMF ULF power. We have also found evidence for a connection between the ULF power in the solar wind dynamic pressure and the strength of convection. 
Introduction
[2] Coupling of the magnetosphere-ionosphere system to the solar wind leads to the convection electric field, and the strength of this convection is an important measure of the strength of this coupling. The strength of convection is strongly affected by the direction and magnitude of the interplanetary magnetic field (IMF) [e.g., Crooker, 1979] , generally, increasing as the IMF becomes more southward and decreasing as it becomes more northward [e.g., Reiff and Burch, 1985; Heelis et al., 1986] . In addition, in a series of recent studies, Boudouridis et al. [2004a Boudouridis et al. [ , 2004b Boudouridis et al. [ , 2005 Boudouridis et al. [ , 2007 Boudouridis et al. [ , 2008 have shown that a sudden increase in solar wind dynamic pressure enhances the convection strength both under northward and southward IMF conditions, but does so more effectively for southward IMF.
[3] While the convection strength is prominently modulated by changes in IMF conditions, radar observations of convection in the high-latitude ionosphere occasionally show large amplitude oscillations with periods of $10-30 min [Prikryl et al., 2002; Lyons et al., 2003 ]. These oscillations can have peak-to-peak amplitudes of over several hundred m/s, and thus can substantially modify the background convection speed. Such ionospheric convection oscillations are also well reflected in the geomagnetic field at ground stations underneath the ionospheric flows. Prikryl et al. [2002] suggested that oscillating ionospheric flows with periods between a few minutes and several tens of minutes are a consequence of dayside reconnection of the IMF with the magnetospheric magnetic field.
[4] Observations of such ULF waves in the polar cap have been the subject of a number of studies [e.g., Engebretson et al., 1998, and references therein] . The power of these waves has been found to increase with increases in solar wind speed V sw [e.g., Engebretson et al., 1998; Mathie and Mann, 2001 ]. Other studies have indicated that the ULF oscillations at times may also be related to periodic solar wind number density (and dynamic pressure) pulses [e.g., Sibeck et al., 1989; Sibeck, 1994; Lysak et al., 1994; Prikryl et al., 1998 Prikryl et al., , 1999 Posch et al., 1999; Kepko et al., 2002; Stephenson and Walker, 2002; Kepko and Spence, 2003; Viall et al., 2008] . Such associations suggest that polar cap ULF waves may be driven by Kelvin-Helmholtz instabilities associated with the solar wind blowing by the magnetosphere, or may be directly driven externally by solar wind fluctuations. Both of these solar wind driving processes may account for the more recent observational evidence that the sources of ULF waves in the Pc5 -6 band (1 -6 mHz) in the polar cap are different from those in the auroral oval and that the ULF activity inside the polar cap is decoupled from that at auroral latitudes [Yagova et al., 2002] .
[5] Recently Lee et al. [2007] observed large plasma flow oscillations within the polar cap during a several hour period of northward IMF B z and small IMF B y following a dynamic pressure impact, indicating that large-amplitude ULF oscillations can be an important feature of the polar cap flow under northward IMF. Interestingly, radar data we have examined occasionally show substantial enhancements of convection that do not show a clear association with strong southward IMF, even at times taking place under northward IMF conditions. Furthermore, those enhanced convection flows exhibit large-amplitude oscillations with a periodicity of $10-30 min.
[6] In this paper, we re-examine the relation of highlatitude ionospheric convection with solar wind conditions and specifically consider the characteristics of the solar wind conditions during which these oscillatory convection enhancements are driven. We focus on convection changes within the dayside polar cap because (1) this is the most direct region where the solar wind affects the ionosphere [e.g., Crooker, 1979] ; (2) for both northward and southward IMF, convection on the dayside has a more coherent pattern than does convection on the nightside, and additionally, the dayside convection pattern, particularly near local noon, is roughly a mirror image for opposite IMF B y directions [Reiff and Burch, 1985] , while the nightside convection pattern is not [de la Beaujardière et al., 1985 [de la Beaujardière et al., , 1986 ; (3) this avoids possible influences on nightside convection by substorm expansions and other nightside disturbances such as poleward boundary intensifications. Convection changes on the nightside are investigated separately in the companion paper by Lyons et al. [2009] .
[7] For this study, we use Sondrestrom incoherent scatter radar (ISR) observations to evaluate the convection strength within the polar cap. Considerable data is available for this purpose, and we examine observations from 92 radar runs from January 2006 through October 2007, when the radar was operated in a mode designed to give high temporal resolution measurements of convection flow velocities versus latitude within the dayside high-latitude ionosphere. Each run was of $7 -8 h duration and centered near noon MLT. To examine solar wind conditions, we use the data from the ACE and Wind spacecraft as time shifted to just upstream of the magnetopause nose by the Weimer technique [Weimer et al., 2002] .
[8] Our analysis shows that ULF power in the solar wind is a potentially important driver of the strength of dayside ionospheric convection and thus of coupling with the solar wind. In addition we find that large oscillations of convection flow speeds are observed in association with enhanced ULF fluctuations within the solar wind. Spectral analysis shows that the power spectral shape of the convection flow speeds resembles that of the IMF B z , implying a close connection between IMF fluctuations and the large amplitude convection oscillations in the dayside ionosphere, and the associated increases in the strength of convection.
[9] Section 2 describes details of the Sondrestrom radar operation mode. Section 3 presents examples of convection enhancements that are associated with large fluctuations in the solar wind but occur independent of the direction of the IMF. It also discusses results of statistical analysis on the relationship between the convection strength and ULF power in solar wind parameters, followed by spectral analysis results on the oscillatory convection flow speeds in comparison with the power spectral densities in solar wind ULF waves. Summary and discussion follow in section 4.
Description of Sondrestrom Incoherent Scatter Radar Data
[10] An incoherent scatter radar measures the line-ofsight (l-o-s) velocities within the ionosphere. Return signals from the nearly collisionless ionospheric F region thus represent the l-o-s component of the E Â B drift. The Sondrestrom ISR in Greenland is at invariant latitude L of 74°with magnetic local noon at $1425 UT (from DGRF/ IGRF model 2006). Its location is ideal for polar cap and auroral oval studies. A detailed description of the Sondrestrom ISR can be found in the work of Kelly et al. [1995] and references therein. For the Sondrestrom radar data analyzed for this study, the antenna operated in a half-composite-scan mode to obtain high temporal resolution flow vectors versus latitude.
[11] A schematic plot of this radar operating mode is shown in Figure 1 (adopted from Zou et al. [2008] ). The star denotes the location of the radar. One complete radar cycle includes two scans, an east and a west scan, which are indicated by two solid black arrows. For each scan, the antenna tilts to the east or west of the magnetic meridian plane by 25°of elevation at the zenith. The scans are centered on 333°azimuth, which is perpendicular to the local L shell. In this mode, the antenna always points to the north of the radar, and we have chosen this mode because the convection reversal boundary (CRB) is usually north of the radar, only moving equatorward of the field of view of our mode under extreme conditions. The first radar scan begins from the northeast toward the south. The second scan then quickly begins from northwest toward the south, with a $25 s transition interval. This allows l-o-s flow measurements to be obtained approximately along a magnetic meridian east of, and a magnetic meridian west of, the radar. Then the scan cycle is repeated. As the radar beam is scanned from 30°to 64°elevation, the data are integrated online for 3.1 s. In the postprocessing phase, five of these online records are integrated together to enhance the statistics. This results in eight processed 16-s records per 2-min scan. The F region velocities from each two nearest-in-time scans are combined to produce perpendicular velocity vectors. Velocity parallel to the magnetic field B is assumed to be zero, and longitudinal homogeneity and temporal stability are assumed as well. Finally, the resolved velocities are averaged in 0.25°latitude bins to reduce the measurement error. As a result of this procedure, flow vectors are obtained every $2.5 min, though independent vectors measurements are obtained every $5 min, including the two 25 s transition intervals between the east and west scans. The solar wind dynamic pressure P dyn was also relatively low and steady for both time intervals. Note that despite of the WIND location being farther away from the Sun-Earth line solar wind parameters from the ACE and WIND spacecraft agree well for these two cases.
[13] Figure 2 illustrates the typical ionospheric convection responses to the two opposite IMF conditions. Associated with the steady and weakly northward IMF B z (<5 nT), ionospheric flow speeds are extremely low at all latitudes. However, fast convection flows are observed nearly continuously during the prolonged interval of relatively large southward IMF (B z was $À6 nT for most of the time interval). The further enhancement of convection after $1500 UT on this day may have resulted from an enhancement of P dyn . At this time, there was also an increase in the magnitude of B y, and a change in the flow direction from eastward to westward (not shown) was associated with the change of B y from negative to positive.
[14] Figure 3 presents two examples showing convection enhancements that are not associated with prolonged strong southward IMF conditions. [15] Figure 3 (bottom) shows an example on 3 January 2007 when the IMF B z fluctuated between $À5 and $5 nT without being continuously southward for more than $20 min. The solar wind dynamic pressure was low ($3 nPa) throughout the period. Again, it is apparent in the color-coded flow speeds that dayside ionospheric convection was substantially enhanced even though the B z did not stay largely southward. It is noticeable that the convection enhancements at some latitudes are even larger than those for steady and stronger southward IMF on 14 July 2007 ( Figure 2 ).
[16] Figures 4 and 5 show line plots of convection flow speeds, along with solar wind speed, solar wind density, and band-pass (0.5 -8.3 mHz) filtered values of solar wind dynamic pressure, IMF B y , and B z from the ACE measurements for the same example events presented in Figures 2 and 3. Note that the solar wind data are filtered after filling the missing data points with a cubic spline interpolation. Also, data gaps in convection flow speed are displayed by dotted lines, and such missing data points are also filled using a cubic spline interpolation method for the analysis of this study. Both east/west and north/south components of flow speeds are plotted at four different latitudes from 75°t o 78°. appears to be the intensified fluctuations in solar wind parameters. Another distinguishable feature for those convection enhancements is that the convection flow speeds exhibit large amplitude oscillations with periods of $10-30 min, as shown in Figures 4 and 5. This aspect will be discussed later in section 3.1.
[18] Figure 6 (left) shows dynamic spectrograms of the IMF B z obtained from 1-min-resolution time-shifted ACE data for the four different solar wind conditions that have been examined in Figures 2 through 5. The IMF B z for each solar wind case is detrended by subtracting the background field using a smoothing function with a window of 61 points (1 h) after filling the missing data points with a cubic spline interpolation. The data then are processed using a fast Fourier transform (FFT) algorithm with a 128 point (2 h) moving window to produce the power spectral density in the ULF Pc5 frequency range. Here a Parzen window, which is a piecewise cubic approximation of Gaussian windows, is used to minimize edge effects that result in spectral leakage in the FFT spectrum. As shown in the spectrograms, strong power is observed for fluctuating N IMF (23 January 2006) and N -S fluctuating IMF (14 July 2007) intervals, with the strongest power concentrated at the lowest frequencies (<$3 mHz). Figure 6 (right) shows the total ULF power in IMF B z , which is the sum of the power spectral densities over the frequencies 0.5 -8.3 mHz. It can be seen that the total power for the fluctuating IMF intervals during which the convection enhancements are observed is roughly an order of magnitude larger than for the steady IMF cases.
[19] Figure 7 shows more examples of dayside convection responses to different solar wind conditions which are categorized into steady northward, fluctuating mostly northward, steady southward, and north -south fluctuating B z . North -south fluctuating B z examples are separated into the ones associated with slow-speed solar wind streams (<$400 km/s) and those with high-speed streams (>$600 km/s). (For slow streams, some examples show large south/north turnings of the IMF. However, the total times of northward and southward IMF are about the same during each of these 7 h intervals.) For each category, the total plasma flow speeds at L's of 75°and 78°within the dayside polar cap are plotted along with solar wind speed, IMF B y and B z , and total ULF power in IMF B z . Comparison between the example events with steady northward B z and those with steady southward B z shows that IMF B z ULF power is at a similar level for both cases, but convection is substantially enhanced only for the southward B z case. This is clear evidence for the well-known convection enhancement by southward B z . Likewise, comparison between the steady northward B z and fluctuating northward B z events shows that convection is substantially enhanced for the fluctuating northward B z events. While there are some brief southward B z periods during the fluctuating B z periods, the enhancement in convection is clear during the prolonged northward B z intervals. Convection is also enhanced for the north -south fluctuating B z examples, despite the IMF not remaining southward for prolonged periods.
[20] Therefore the examples in Figure 7 clearly show that dayside ionospheric convection is enhanced under conditions of southward IMF and under fluctuating IMF conditions regardless of the IMF direction. The larger convection enhancements at L = 78°than at L = 75°could indicate that there is a more direct effect of solar wind conditions at the higher latitudes in the dayside polar cap. Although the relative enhancements seem to be somewhat smaller than those for high-speed streams, we do observe enhanced convection flows during slow speed solar wind streams when there is large ULF power in the IMF. The relation of the convection strength with solar wind speed will be discussed later in comparison with the relation with ULF power.
Statistical Results
[21] Examples such as those presented above suggest that there may be a close relationship between ULF power in the solar wind and the strength of ionospheric convection in the dayside polar cap. To evaluate this relationship, we have statistically analyzed the relation between ULF power in the solar wind and ionospheric convection. Since high temporal variations are not of interest here, we obtained 22-min running averages of convection flow speeds, IMF, and ULF power in the IMF and P dyn using time-shifted solar wind observations by ACE and WIND. We selected 59 of the 92 Sondrestrom ISR runs during January 2006 to October 2007. The criteria for selection were that radar data are continuously available without large data gaps for each 7 -8 h interval of dayside observations and solar wind measurements by ACE and WIND are in relatively good agreement with each other. Furthermore, for unbiased statistics, the 59 samples include about the same number of observations during either quiet (30 runs) and during fluctuating (29 runs) solar wind conditions.
[22] Figure 8 demonstrates the effect of fluctuating IMF on the relation between B z and convection flow speed by comparing the cases with two different levels of total ULF power in B z : lower power (<4 nT 2 ) in Figure 8 (left) and higher (>4 nT 2 ) in Figure 8 (right). The cutoff value of 4 nT 2 is roughly a median of the IMF B z ULF power distribution for all the examined intervals (see Figure 9 ). Note that all the values are 22-min running averages. For the lower B z power, the expected B z dependence is observed. Only weak convection is seen for northward IMF, while for southward IMF relatively enhanced convection is seen and the flow speeds are roughly proportional to the magnitude of IMF B z . However, for the higher B z power, fast convection flows appear for all B z , resulting in very little evident IMF B z dependence. This indicates that the IMF B z power can significantly influence the strength of the dayside ionospheric convection.
[23] We further examine the relation between IMF fluctuations and ionospheric convection by separating the effect of southward IMF from the effect of fluctuating IMF. Figure 9 shows B z power versus convection flow speeds for three different B z conditions: >1.5 nT (Figures 9a and  9d ), <j1.5j nT (Figures 9b and 9e) , and <À1.5 nT (Figures 9c  and 9f ) at 78° (Figures 9a -9c ) and 75° (Figures 9d-9f ) invariant magnetic latitude. Again, all the values are 22-min running averages, and we used only data points for which all the 1-min IMF B z data within each 22-min moving window are all positive for the B z > 1.5 nT plots and all negative for the B z < À1.5 nT plots. Thus the plots for B z > 1.5 nT reflect the pure relation of ULF power in B z to convection flow. However, such constraint was not imposed for jB z j < 1.5 nT plots in order to incorporate the cases where B z fluctuates around 0 and so the average is small.
[24] For northward IMF, we do not expect the magnitude of B z to substantially affect the strength of convection, and the plots for B z > 1.5 nT in Figure 9 show a linear proportionality between the logarithm of B z power and that of convection flow speed; that is, faster convection flows for higher B z power. This linear proportionality is somewhat more distinctive at the higher latitude (78°), possibly because of a more direct effect of IMF fluctuations than at the lower latitude. A simple trend line is plotted, which was obtained from a linear fit using a robust least absolute deviation method. In addition, correlation coefficients indicate a slightly higher correlation for L = 78°than for L = 75°.
[25] A similar linear trend is also seen in the plots for jB z j < 1.5 nT in Figure 9 , although the correlation coefficient is smaller (but comparable for L = 75°). This can be attributed to the enhanced convection which occurred during the time intervals of large north -south fluctuating IMF such as shown in Figure 3 (bottom) . However, the plots for B z < À1.5 nT in Figure 9 do not show a substantial correlation between B z power and convection flow speed. However, there is a tendency in Figures 8 and 9 for the highest flow speeds for B z < À1.5 nT to occur with enhanced IMF power. [26] Since high power in ULF pulsations usually occurs during high-speed streams, we need to demonstrate that the above associations are in fact due to the ULF power of the IMF and not due to the solar wind speed itself. For this purpose, Figure 10a shows the IMF B z power versus convection flow speed at 78°for B z > 1.5 nT, the points color-coded by the corresponding average solar wind speeds. In Figure 10a , larger solar wind speeds roughly appear with larger B z power, which is expected from the enhanced ULF pulsations during high-speed streams. However, approximately the same linear trend can be seen between the B z power and the convection speed for both high and low solar wind speed by comparing the >500 km/s data points (reddish-colored) with the <500 km/s data points (greenish-colored). Also, there are approximately an equal number of points to the right and to the left of the linear trend line shown in Figure 10 for both the high-speed and the low-speed points. This indicates that it is not the solar wind speed but the IMF B z power which is more closely related to the convection flow speed. This is further demonstrated in Figures 10b and 10c where convection flow speed is plotted against solar wind speed with the points color-coded by B z power, with the x axis in log and linear scale to emphasize the lower and the higher flow speed points, respectively. These plots show a clear trend for enhanced flows to be associated with enhanced B z power for all solar wind speeds. The points for low B z power (4 nT 2 ) do show a tendency for the flow speed to increase with solar wind speed, the flow speeds roughly doubling when the solar wind speed is doubled. But Figure 10 demonstrates that the ULF power substantially affects the flow speeds, independent of any direct effect from the solar wind speed.
[27] We also find similar relationships with the ULF power in P dyn and in B y . This can be seen in Figures 11  and 12 , which are in the same format as Figure 9 and show the relation between the ULF power in P dyn and in B y , respectively, with the convection flow speed. Although the correlation coefficients are smaller than those for the B z power, a linear trend is still discernable in the plots of ULF power in P dyn and in B y versus convection flow speeds for both B z > 1.5 nT and B z < j1.5j nT in Figures 11 and 12 , respectively. This could be attributed to the fact that ULF pulsations are often simultaneously observed in the solar wind plasma and the IMF carried by the solar wind. Accordingly, high correlations are found between the ULF power in P dyn and B y and that in B z , as shown in Figure 13 . This feature makes it difficult to determine which solar wind parameter is the driver of the convection enhancements. Below we show evidence that the IMF ULF power can by itself affect the convection strength. However, it is plausible that ULF power in P dyn may work together with the B z power.
Spectral Analysis of Oscillating Convection and Solar Wind
[28] As noted in the discussion of Figures 4 and 5 , not only are the flow speeds observed to be enhanced during periods of fluctuating IMF, but the flows also exhibit large amplitude oscillations with a period of $10 -30 min. Figure 11 . Following the same format as Figure 9 , scatterplot of total ULF power in P dyn versus convection flow speeds at (a -c) 78°and (d -f) 75°in log-log scale for B z > 1.5 nT (Figures 11a and 11d) , B z < j1.5j nT (Figures 11b and 11e) , and B z < À1.5 nT (Figures 11c and 11f) . on 2 January 2007 where the convection is extremely weak, the convection flow speeds have large PSD peaks in the range of the lowest ULF Pc5 frequencies (0.7 -1.3 mHz). In that frequency range, P dyn and B z also have large PSD. One should note that the PSDs here are obtained with the lower cutoff frequency of 0.5 mHz, so that spectral peaks in B z and P dyn that may exist at <0.5 mHz and could affect the convection strength are removed by filtering. However, also note that spectral power for the low frequencies cannot be precisely estimated owing to the limited duration of the data used for this study.
[29] In addition to the resemblance of the spectral shapes between IMF B z and convection flow speed; that is, large spectral power in similar frequency ranges, the PSD of (Figures 12a and 12d) , B z < j1.5j nT (Figures 12b and 12e) , and B z < À1.5 nT (Figures 12c and 12f) . 
Summary and Discussion
[30] We have examined the relation of the dayside convection strength with solar wind conditions using Sondrestrom ISR observations of high-latitude ionospheric flows. While the convection strength is prominently affected by the orientation and the magnitude of IMF, the observations occasionally show substantial increases of convection strength when the IMF is not strongly southward and even during time periods of northward IMF. Our analysis shows that ULF power in the solar wind, independent of IMF B z , is a potentially important driver of the strength of dayside ionospheric convection and thus of coupling with the solar wind, the effects of this driving being particularly clear for not strongly southward and northward IMF conditions. Statistical analysis using 22-min running averages of solar wind parameters and convection flow speeds at invariant magnetic latitudes of 78°and 75°shows a clear trend for faster flows to be associated with stronger ULF power in IMF B z . Such proportionality is somewhat more distinctive at the higher latitude (78°). In addition, convection enhancements were usually larger at L = 78°than at L = 75°, which could indicate that there is a more direct effect of solar wind conditions at the higher latitude in the dayside polar cap.
[31] We find a clear association between convection speed and IMF ULF power for all solar wind speeds. This indicates the IMF B z power by itself enhances the convection flow speed. We found evidence that the convection flow speed also increases with solar wind speed, but the effect of the ULF power appears to be larger than that of the solar wind speed.
[32] We also found similar relationships with ULF power in P dyn and in IMF B y , although their correlations are weaker than for IMF B z power. This could be attributed to the fact that ULF pulsations are often simultaneously observed both in solar wind dynamic pressure and the IMF as evidenced by the high correlation of the ULF power in P dyn and B y with that in B z . While this makes it difficult to determine which quantity is the driver of the convection enhancements, individual examples indicate the power in the IMF fluctuations affects the convection independently of effects from power in P dyn fluctuations. However, it is also plausible that IMF and P dyn fluctuations can work together to enhance the convection more than would fluctuations in only the IMF or P dyn .
[33] The flow speeds are not only observed to be enhanced during periods of fluctuating IMF, but the flows also exhibit large amplitude oscillations with a period of $10-30 min. Spectral analysis shows high spectral power in IMF B z and P dyn for similar frequency ranges where convection flow speeds also have large spectral peaks implying a close connection between solar wind fluctuations and large amplitude convection oscillations in the dayside ionosphere and the associated increases in the strength of convection.
[34] Convection changes on the nightside are investigated in the companion paper [Lyons et al., 2009 ]. There we find that there are also close relationships between solar wind fluctuations and convection flows in the nightside ionosphere and within the plasma sheet, indicating that the effect of the solar wind fluctuations is global. These observations thus suggest the possibility that long-period ULF oscillations can be an important contributor to the transfer of solar wind energy to the magnetosphere-ionosphere system, a possibility that has not received much attention in the past. While the direction and magnitude of the IMF and the solar wind dynamic pressure certainly play important roles, our results show that ULF fluctuations in the solar wind can also significantly affect the strength of high-latitude ionospheric convection. Additionally, enhanced ULF power in the solar wind may be the cause for the large-scale, large-amplitude ULF oscillations seen in the dayside polar cap region.
[35] We speculate that the strong oscillations that we see within the polar cap may be related to the large-scale pulsations of similar periods that have been seen at many locations within the magnetosphere [e.g., Kivelson et al., 1984; Samson et al., 1992; Samson and Rankin, 1994; Sánchez et al., 1997; Wright et al., 1999; Lyons et al., 2002] , and which are often considered as the natural frequency of the magnetospheric system and referred to as ''cavity'' or ''waveguide modes'' [see Wright and Allan, 2008, and references therein] . If this is the case, then the large amplitude we see may be related to a resonance of the magnetosphere with the solar wind fluctuations. Also, it has been inferred that it takes a few wave cycles for these ULF waves to decay once they are excited [e.g., Mann et al., 1998 ]. This suggests that the oscillation damping time is longer than 1 wave period. Thus, once the pulsations set in, it might take less external driving power at resonant frequencies to maintain the oscillation intensity than is required to initially start substantial oscillations.
[36] Another possibility for how the interplanetary ULF fluctuations influence convection (K. H. Glassmeier, personal communication, 2009 ) is that enhanced fluctuations could drive enhanced standing Alfvén wave oscillations that have been observed along the dayside magnetopause [Plaschke et al., 2009] . Consistent with this possibility, the distribution of the resulting magnetopause oscillation frequencies found by Plaschke et al. [2009] resembles the shape of the power spectra of the solar wind and ionospheric convection fluctuations reported here. It has been suggested that such motions of the magnetopause disturb the magnetopause current system, leading to field-aligned currents and a transfer of solar wind energy across the magnetopause [Glassmeier, 1992; Plaschke et al., 2009] . It was also recently suggested that the enhanced interplanetary ULF fluctuations could act as a seed for enhancing KelvinHelmholtz waves along the flanks of the magnetosphere, thus leading to an enhanced driving of convection by a viscous-like interaction (A. Otto, personal communication, 2009) . These and other possible physical explanations for how the solar wind fluctuations drive the enhanced oscillatory convection within the dayside polar cap should be explored in the future.
[37] Lyons et al. [2002] have seen ULF pulsations in the radar data on the nightside within the closed field line region, and suggested that they may be associated with repetitive poleward boundary intensifications (PBIs). Thus it would be interesting to try to relate dayside oscillations to oscillations on closed field lines in the nightside plasma sheet as a possible cause of nightside oscillations, such as those associated with repetitive PBIs. It would also be interesting to determine if the enhanced convection associated with the nightside oscillation can be associated with enough energy transfer to the magnetosphere to lead to the growth and expansion phase of substorms. There is observational evidence that there can be a substantial enhancement of ULF wave activity prior to substorms and evidence that this may have occurred during a period of northward IMF substorms as found by Lee et al. [2007] . If it is found that ULF waves do indeed substantially enhance the crosspolar cap potential drop during weakly southward and northward IMF conditions, it will be very interesting to determine if there are more than the expected number of substorms during such periods with enhanced ULF activity as compared to the number of substorms under similar conditions but without the ULF activity. Preliminary evidence for such an enhancement in the number of substorms is given in the companion paper.
[38] Recently, Sojka et al. [2009] showed that ionospheric temperatures in the polar cap and auroral zone are significantly enhanced during high-speed solar wind streams. This may indicate that the enhanced ULF fluctuations prevailing in high-speed solar wind streams not only affect the ionospheric convection strength but also drive heating in the ionosphere. It is also plausible that convection enhancements driven by solar wind fluctuations also affect the thermosphere, as been seen during magnetic storms [e.g., Burke et al., 2007] . These fundamental issues of coupling to the ionosphere and upper atmosphere, which could extend to the neutral atmosphere also through generation of atmospheric gravity waves, should be investigated in the future.
